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Technical Notes

Grain Size and Total Organic Carbon Effects on Benthic
Organisms

Purpose

The purpose of this technical note is to document the effects of grain size
and total organic carbon (T(X) on benthic organisms and evaluate those ef-
fects in terni-s of
bioassays.

their potenti~ to confound &e results of dredged material

Background

Sediment toxicity tests must be able to assess the effects of sediment-associated
contaminants without the influence of nontreatment factors (that is, sediment
grain size, sediment TOC, ammonia toxicity, etc.). While nontreatment factors
can affect survival in short-term acute toxicity tests, there is greater potential
for such factors to affect end points measured in longer term chronic tests. Ex-
posure in chronic bioassays generally represents a significant portion of an ani-
mal’s life history and often encompasses one or more sensitive life-history
stages (larval, juvenile, reproductive adults). In addition, end points measured
in such tests are of a more subtle, sublethal nature (for example, growth and
reproduction) and can be significantly influenced by small variations in expo-
sure conditions (differences in grain size, T(X, etc.).

The influences of grain size and/or TOC on sediment toxicity test end
points have gone largely unstudied. It has been generally assumed that the imp-
acts of these factors on survival measured in acute toxicity tests are minimal
relative to the effects of contaminants. However, as chronic tests are developed
for regulatory testing, there is increasing concern over the potential influence
of such factors on sublethal end points.
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Additional Information

For further information, contact the author of this technical note, Ms. Jerre
G. Sims, (601) 634-4249, or the manager of the Environmental Effects of Dredg-
ing Programs, Dr. Robert M. Engler, (601) 634-3624.

Methods

h extensive literature search was conducted to evaluate the potential effects
of grain size and TOC on benthic organisms. The literature search included
five databases that yielded 131 citations. These databases were the National
Technical Information Service (4 citations), SciSearch (98), Dissertation Ab-
stracts (4), Biosis Previews (18), and Aquatic Science and Fisheries Abstracts
(7). Of this total, the author identified 46 references concerning the effects of
grain size and TOC on benthic organisms. Information included 21 laboratory
studies, 12 field surveys, 3 studies with both laboratory and field data, and 10
general review papers.

Results

Numerous studies have presented correlations supporting a relationship be-
tween sediment grain size and/or TOC and their effects on animals (Belanger
and others 1985; DeWitt 1987; Luckenbach, Huggett, and Zobrist 1988; Elefth-
eriou and Basford 1989, Ishikawa 1989, Bachelet and others 1992, Rakocinski
and others 1993, Tanda 1990, Yates and others 1993). Results of this review
were divided into laboratory and field studies describing effects on habitat se-
lection, feeding behavior, survival, and growth rates of various animals.

Laboratory Studies

Kristensen (1988) ex~ined habitat selection in a 30-day laboratory study
with ZVeanthesdiversicolor, NeanUzes virens, and Nearzthes succinea. Results of this
study suggest that these polychaetes selected for different grain sizes, that the
selection was dependent upon organic carbon content, and that selection could
be influenced by the presence of other polychaetes. For example, N. diversi-
color selected for organically rich silts when it was alone and in the presence of
N. virem. Nemtkes virens selected for organic-poor sand when it was alone
and in combinations with N. dizwrsico20r and N. succinea. Neardhes succinea se-
lected for organically rich silts when it was alone and in the presence of N.
virens. Grassle, Butman, and Mills (1992) conducted a study to evaluate habitat
selection by Capitella sp. I (larvae) with respect to grain size and organic carb-
on content. Ctzpifelkz sp. I (larvae) were found to actively select for mud over
glass beads.

Whitlatch and Weinberg (1982) found that the polychaete Cistenides gozddii
selected for large grain size sediment when feeding. In addition, these re-
searchers observed that particle size selection increased with increasing worm
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size. Similar results were reported by Dobbs and %holly (1986) for the poly-
chaete Pectinaria koreni. Luckenbach, Huggett, and Zobrist (1988) found that
the polychaete Paraprinospia pinnata selectively foraged on larger particles over
the duration of the 4-hr laboratory experiment.

McFarland (1981) examined the effects of grain size on survival of two poly-
chaetes in a lo-day test. Sediment types ranged from 100 percent coarse-textured
to 100 percent fine-textured sediment. Diopatra cupreu showed extremely high
survival in all sediment types. Survival for N. arenaceodentata decreased as the
silt/clay content increased. In a 28day test, Dillon, Moore, and Gibson (1993)
examined effects of grain size on survival and growth in the polychaete N.
arenaceodentata. Results of this study indicate that survival was unaffected by
grain size (measured as percent sand, silt, clay). However, worm weight de-
creased as sediment grain size increased, contradicting the earlier findings of
McFarland (1981) for N. awnaceodentata. This apparent contradiction may be ex-
plained by differences in test duration (10 versus 28 days) and age of animals
at test initiation (adults versus juveniles).

The combination of grain size and organic carbon content was found by Ott
(1986) and DeWitt, Ditsworth, and Swartz (1988) to have an impact on arn-
phipod survival. Ott (1986) found that the mortality of Rhepoxnius abronius
was higher in sediments with silt-sized particles and low organic content.
DeWitt, Ditsworth, and Swartz (1988) found that survival of the same am-
phipod decreased with decreasing grain size in a 10-day bioassay. DeWitt,
Ditsworth, and Swartz (1988) suggested that organic content (percent total vola-
tile solids) and sediment water content may also have played a role in ob-
served mortality. However, these factors were not examined independently in
the experiment. McFarland (1981) experimented with the grass shrimp, Pa-
Zaemonetes pugio, and found no grain size effects in a 10-day test with grain
size treatments ranging from 100 percent sand to 100 percent mud.

In other laboratory studies, Bachelet and others (1992) and Butrnan (1987) ex-
amined larval settlement of the bivalve Mercenaria mercenaria in relation to sedi-
ment grain size and TOC. Bachelet and others (1992) found larval settlement to
be unrelated to grain size and TOC in 4hr static tests using biotic and abiotic
substrates (for example, a natural organic-rich mud and an abiotic, glass-bead
mixture). Butman (1987) found that the organism selected for beads over mud
in a static test and mud over beads in a flow-through test.

Clements and Stancyk (1984) found that the brittlestar, Micropholis gracillimu,
had a preference for small grain size sediment regardless of organic carbon
coatings (bovine serum albumin and bacteria). In contrast, Moriarity (1982),
Robe@s and Bryce (1982), and Hammond (1983) found a deposit-feeding
holothurian (echinoderm) that selected for sediment based solely on percent or-
ganics (carbon, nitrogen) regardless of particle size.

In a habitat selection study, Tanda (1990) found that juveniles of the mar-
bled sole (Limanda jokdzamae) and the Japanese flounder (Paralichthys olivaceus)
preferred medium grain size sediment. It was suggested that this selection
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was based upon the preference for the type of sand in which the animals
could bury themselves.

Taghon (1982) found size and organic coating to play a major role in the se-
lection of particles by deposit feeders. Cammen (1982) reported no consistent
relationship in nutritional value (organic carbon, bacteria, chlorophyll a, and
carbon-to-nitrogen ratio of organic matter) as related to particle size. How-
ever, this study examined only four sediments.

Pagano and others (1993) examined the effects of grain size on fertilization
and embryological development of the sea urchin. In bioassays ranging from
72 to 120 hr, these researchers found no effect of grain size on either fertiliza-
tion or embryogenesis.

In a 10day bioassay with three freshwater invertebrates, Ankley and others
(1994) found that survival of the amphipod Hyalellu azteca, survival, reproduc-
tion, and growth of the oligochaete Lumbricdus mn-iegatus, and survival of the
midge Chironomus tentans were unaffected by sediment grain size. However,
growth in the midge appeared to be influenced by grain size. Dry weights in-
creased with increasing silicon oxide and decreased with aluminum oxide con-
tent. Ankley and others (1994) suggest that the midge was responding to the
granular properties of the sediment rather than the mineralogy. Sandy sedi-
ments tend to have higher silicon oxide concentration. Similarly, other studies
have shown that chironomid species perform better in sandy sediments (Der-
mott 1978, Winnell and Jude 1984, Arddey and others 1993).

Belanger and others (1985) examined substrate preference of aduh freshwa-
ter bivalves (Corbicula jlumirzea) in a 3-day laboratory study. These results sug-
gest that C. jhminea prefers fine grain sand, followed by organically enriched
sand, with coarse-grained sand being the least preferred.

Field Studies

A number of field studies have examined the relationship of grain size and
TOC to feeding in benthic invertebrates. Gaston (1987) found that the propor-
tion of carnivorous polychaetes was highest in coarser sediments, and the pro-
portion of subsurface deposit-feeders was highest in fine-grain sediment and
increased with depth and percent organic carbon. In two feeding studies, Self
and Jurnars (1978) found an ampharetid polychaete that selectively ingested
particles not based on grain size but on specific texture and specific gravity,
while two spionid polychaetes (Psedopdydora kempi japonica and Pygospio ele-
gans) selected sediment particles based on surface texture. The degree of selec-
tivity for specific gravity was based on worm size, and the selection for spe-
cific gravity was demonstrated with the spionids in association with the am-
pharetid. In another feeding study, Luckenbach, Huggett, and Zobrist (1988)
found grain size selection to vary with feeding duration in the polychaete
Paraprionospio pinnata. The longer the animal fed, the larger the grain size sedi-
ment found in gut. Petch (1986) found that the polychaete Lumbrineris latreilli
selectively ingested small grain particles. These particles were used by
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L. latreilli for construction of burrows and feeding. Whitlatch and Weinberg
(1982) found that C. gotddii ingested a greater percentage of larger grain size
particles as worm size increased. Food selection of C. gouldii was based on
natural andexperirnental (abiotic) sediments. Whitlatch and Weinberg (1982)
also hypothesized that this selection may be based on the presence of an or-
ganic coating on particles with increasing particle size.

In their review, Butman, Grassle, and Webb (1988) discussed numerous stud-
ies showing correlations in the distributions of soft-sediment infaunal inverte-
brates with grain size. Yates and others (1993) used sediment grain size as a
device for predicting invertebrate densities on which shorebird densities could
be based. Using regression analysis, they concluded that sediment size distri-
bution (coarse sand, fine sand, silt, or clay), organic carbon, and inundation
time could predict invertebrate density directly.

In a field survey, Bekmger and others (1985) found the highest densities of
the freshwater bivalve Corbicz.dajhoninea in fine sand environments, followed
by organically enriched fine sand, with the lowest densities found in coarse
sand. Behmger and others (1985) also stated that, although the sediment prefer-
ence of Corhda was fine sand, the organism could use a variety of substrates
during habitat selection.

Summary

The laboratory and field studies reviewed in this paper suggest that grain
size and TOC affect habitat selection, feeding behavior, and survival. The ob-
jective of this review was to document the effects of grain size and T(X on
benthic invertebrates, with emphasis on the potential of these factors to affect
the outcome of sediment bioassays. Only a few studies to date have examined
the effects of such nontreatment factors on sediment toxicity tests (DeWitt,
Ditsworth, and Swartz 1988; Kristensen 1988; Dillon, Moore, and Gibson 1993;
Anldey and others 1994). Arddey and others (1994) found a relationship be-
tween grain size and growth in a midge. Dillon, Moore, and Gibson (1993)
found no relationship between grain size and survival in the polychaete worm
N. arenaceodentata. However, growth decreased with increasing grain size.
DeWitt, Ditsworth, and Swartz (1988) suggested that organic carbon content
contributed more to mortality of the amphipod R. abronius than any other factor.

While there are limited data on the potential effects of grain size or TOC on
sediment bioassays, there is a large body of information on field distribution
and habitat selection related to grain size and TOC (Field 1971, Gage 1972,
Whitlatch 1977, Elftheriou and Basford 1989, Ishikawa 1989, Rakocinski and others
1993). However, Snelgrove and Butrnan (1994) concluded that even distribu-
tion could not be explained solely on the basis of grain size and TOC in differ-
ent environments. Along with biological factors and experimental evaluations
of sediments, animal distribution must be evaluated relative to sediment trans-
port and hydrodynamic processes.
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Field studies have many more influencing factors that regulate animal distri-
butionand selection preferences than do laboratory studies. These factors in-
clude changes in temperature and salinity, water currents, phototaxis, mobility,
interspecific competition, and larval settling preferences (Gray 1974).

No study in this review considered organic carbon alone as a causal factor
in affecting benthic invertebrates. However, Snelgrove and Butrnan (1994) be-
lieved organic carbon to be a more important factor than sediment grain size
in dete rmining field distributions of benthic invertebrates, because organic mat-
ter is a prominent source of food for deposit-feeders.

Even within a single taxon, responses to grain size and TOC are highly vari-
able. Some polychaetes have been shown to select for smaller particles (Dorset
1961; Hylleberg 1975; Cadee 1976; Whitlatch 1980; Jumars, Self, and Nowell
1982), while others have been shown to select for larger particles (Whitlatch
1974, 1980), and still others appear to be nonselective (George 1964, Hughes 1980).

Based on this review, few studies evaluated the effects of grain size and
T(X in the absence of hydrodynamic forces. Even fewer studies addressed
the potential for these factors to affect the outcome of laboratory sediment tox-
iaty tests.

Conclusions

Based on this literature review, the following conclusions were made.

●

●

●

●

Sediment grain size and TOC can affect habitat selection, feeding behavior,
and survival, with effects being species-dependent.

Grain size/TOC effects on habitat selection may actually be a result of hy-
drodynamic forces in the environment.

Only three of the 46 studies reviewed examined the potential effects of sedi-
ment grain size and TOC on laboratory bioassays.

Additional laboratory studies are required to determine the potential effects
of grain size or TOC ‘h laboratory sediment toxicity tests. -

References

Ankley, G. T., Benoit, D. A., Balogh, J. C., Reynoldson, T. B., Day, K. E., and Hoke,
R. A. (1994). “Evaluation of potential confounding factors in sediment toxicity
tests with three freshwater benthic invertebrates,” Environmental Toxicology and
Chemisty 13,627-35.

Ankley, G. T., Benoit, D. A., Hoke, R. A., Leonard, E. N., West, C. W., Phipps,
G. L., Mattson, V. R., and Anderson, L. A. (1993). “Development and evaluation
of test methods for benthic invertebrates and sediments: Effects of flow rate and
feeding on water quality and exposure conditions,” Archives ojEnvironrnenhd
Contamination and Toxicology 25,12-19.

b



Bachelet, G., Butman, C. A., Webb, C. M., Starczak, V. R., and Snelgrove, P. V. R.
(1992). “Nonselective settlement of Mercenaria mercenaria (L.) larvae I short-term,
still-water, laboratory experiments,” Journal of Experimental Marine Biology and
ECOIOgy 161,241-80.

Bekmger, S. E., Farris, J. L., Cherry, D. S., and Cairns, J., Jr. (1985). “Sediment pref-
erence of the freshwater Asiatic clam, CorbicuhzfZuminea,” The Nautilus 99,2-3.

Butman, C. A. (1987). “Larval settlement of soft-sediment invertebrates The spa-
tial scales of patterns explained by active habitat selection and the emerging role
of hydrodynamic processes,” Oceanography and Marine Biology: An Annual Re-
view 42,487-513.

Bu~”hn, C. A., Grassle, J. P., and Webb, C. M. 1988. “Substrate choices made by
marine larvae settling in still water and in a flume flow,” Nature 333,771-73.

Cadee, G. C. (1976). “Sediment reworking by Arenicola marina on tidal flats in the
Dutch Wadden sea,” Netherlands Journal of Sea Research 10,440-60.

Carnmen, L. M. (1982). “Effects of particle size on organic content and microbial
abundance within four marine sediments,” Marine Ecology Progress Series 9,273-
80.

Clements, L. A. J., and Stancyk, S. E. (1984). “Particle selection by the burrowing
brittlestar Micropholisgracillima (lkhi.nodermata: Ophiuroidea), Journal of ExperL
mental Marine Biology and Ecology 84,1-13.

Dermott, R (1978). “Benthic diversity and substratefauna associations in Lake Su-
perior,” Journal of Great Lukes Research 4,505-12.

DeWitt, T. H. (1987). “Microhabitat selection and colonization rates of a benthic
amphipod,” Marine Ecology Progress Sm”es 36,237-50.

DeWitt, T. H., Ditsworth, G. R., and Swartz, R. C. (1988). “Effects of natural sedi-
ment features on survival of the phoxocephalid amphipod, Rhepoxynius
abronius,” Marine Environmental Research 25,99-124.

Dillon, T. M., Moore, D. W., and Gibson, A. B. (1993). “Development of chronic
sublethal bioassay for evaluating contaminated sediment with the marine poly-
chaete worm Nereis (Neanthes) arenaceodentata,” Environmental Toxicology and
Chenuktry 12,589-605.

Dobbs, F. C., and Scholly, T. A. (1986). “Sediment processing and selective feeding
by Pectiruzria Jcoreni (Polychaeta: Pecftiariidae),” Marine Ecology Progress Series 29,
165-76.

Dorset, D. A. (1961). “Reproduction and maintenance of Polydora ciliata at Whit-
stable,” Journal of the Man”ne Biolop”cal Association of the United Kingdom 41,383-96.

Technical Note EEDP-01-37 (March 19%)



Eleftheriou, A., and Basford, D. J. (1989). “The macrobenthic infauna of the off-
shore northern North Sea,” Journal of the Marine Biological Association of the
United Kingdom 69,123-43.

Field, J. G. (1971). “A numerical analysis of changes in the soft-bottom fauna along
a transect across False Bay, South Africa,” Journal of Experimental Marine Biology
and Ecology 7,215-53.

Gage, J. (1972). “A preliminary survey of the benthic macrofauna and sediments in
Lochs Etive and Creran, sea-loch along the west coast of Scotland: Journal of the
Marine Biological Association of the United Kingdom 52,237-76.

Gaston, G. R. (1987). “Benthic polychaeta of the Middle Atlantic Bight Feeding
and distribution,” Marine Ecology 36,251-62.

George, J. D. (1964). “The life history of the cirratulid worm, Cirr$ormia tentaculata,
on an intertidal mudflat,” Journal of Marine Biolo&”calAssociation of the United
Kingdom 44,47-65.

Grassle, J. P., Butman, C. A., and Mills, S. W. (1992). “Active habitat selection by
Capitella sp. I larvae; II. Multiple-choice experiments in still water and flume
flows,” Journal ofMarine Research 50,717-43.

Gray, J. S. (1974). “Animal-sediment relationships,” Oceanography and Marine Biol-
ogy: An Annual Rem”ew12,223-61.

Hammond, L. S. (1983). “Nutrition of deposit-feeding holothuroids and echinoids
(Echinodermata) from a shallow reef lagoon, Discovery Bay, Jamaica,” Marine
Ecology Progress Sm”es 10,297-305.

Hughes, T. G. (1980). “Mode of life and feeding in maldanid polychaetes from St.
Margaret’s Bay, Nova Scotia,” Journal of the Fishm”es Research Board of Canada 36,
1503-07.

Hylleberg, J. (1975). “Selective feeding by Arenicola pacfica with notes on Arnicola
vagabunda and a concept of gardening in lugworms,” Ophelia 14,113-37.

Ishikawa, K. (1989). “Relationship between bottom characteristics and benthic or-
ganisms in the shallow water of Oppa Bay, Miagi,” Marine Biology 102,265-73.

Jumars, P. A., Self, R. F. L., and Nowell, A. R. M. (1982). “Mechanics of particle se-
lection by tentaculate deposit feeders,” Journal of Experimental Marine Biology and
Ecology 64,47-70.

Kristensen, E. (1988). “Factors influencing the distribution of nereid polychaetes in
Danish coastal waters,” Opheha 29,127-40.

Luckenbach, M. W., Huggett, D. W., and Zobrist, E. C. (1988). “sediment trans-
port, biotic modifications and selection of grain size in a surface deposit feeder,”
Estuaries 11,134-39.



McFarland, V. A. (1981). “Effects of sediment particle size distribution and related
factors on survival of three aquatic invertebrates: Implications for the conduct of
dredged sediment bioassay,” Proceedingsof the Thirteenth Dred&”ng Seminar,
CDS No. 253, Center for Dredging Studies, Texas A&M University, College Sta-
tion, TX.

Moriarity, D. J. W. (1982). “Feeding of Holotlnvia atra and Stichopus chloronotus on
bacteria, organic carbon and organic nitrogen in sediments on the Great Barrier
Reef,” Australia Journal of Marine and Freshwater Research 33,255-64.

Ott, F. S. (1986). “Amphipod sediment bioassays: Experiments with naturally con-
taminated and cadmium-spiked sediments to investigate effects on response of
methodology, grain size, grain size-toxicant interactions, and variations in ani-
mal sensitivity over time,” Ph.D. diss., University of Washington, Seattle.

Pagano, G., Anselmi, B., Dinnel, P. A., Esposito, A., Guida, M., Iaccarino, M., Mel-
lUSO,G., PaScale, M., and Trieff, N. M. (1993). “Effectis on sea urchin fertilization
and embryogenesis of water and sediment from two rivers in Campania, Italy,”
Archives of Environmental Contamination and Toxicology 25,20-26.

Petch, D. A. (1986). “Selective deposit-feeding by Lumbrineris cf. I.utreilli (Poly-
chaeta: Lurnbrineridae), with a new method for assessing selectivity by deposit-
feeding organisms,” Marine Biology 93,443-48.

Rakocinski, C. F., Heard, R.W., LeCroy, R. W., McLelland, S. E., and Simons, J. A.
(1993). “Seaward change and zonation of the sandy-shore macrofauna at Per-
dido Key, Florida, USA,” Estuarine, Coastal and Shelf Science 36,81-104.

Roberts, D., and Bryce, C. (1982). “Further observations on tentacular feeding
mechanisms in holothurians,” Journal of Expm”mental Marine Biology and Ecology
59,151-63.

Self, R. F. L., and Jurnars, P. A. (1978). “New resource axes for deposit feeders,”
Journal of Marine Research 36(4), 627-41.

Snelgrove, P. V. R., and Butman, C. A. (1994). “Animal-sediment relationships re-
visited: Cause versus effect,” Oceanography and Man”ne Biology: An Annual Review
32,111-77.

Taghon, G. L. (1982). “Optimal foraging by deposit-feeding invertebrates: Roles of
particle size and organic coating,” Oecologia52,295-304.

Tanda, M. (1990). “Studies on burying ability in sand and selection to the grain
size for hatchery-reared marbled sole and Japanese flounder,” Nippon Suisan
Gakhzishi 56(10), 1543-48.

Whitlatch, R. B. (1974). “Food-resource partitioning in the deposit feeding poly-
chaete Pectinaria gouldii,” Biological Bulletin 147,227-35.

Technical Note EEDP-01-37 (March 1996)



Whitlatch, R. B. (1977). “Seasoml changes in the community structure of the mac-
robenthos inhabiting the intertidal sand and mud flats of Barnstable Harbor,
Massachusetts,” Biological Bulletin 152,275-94.

Whitlatch, R. B. (1980). “Patterns of resource utilization and coexistence in marine
intertidal deposit-feeding communities,” Journal ofMarine Research 38,743-65.

Whitlatch, R. B., and Weinberg, J. R (1982). “Factors influencing particle selection
and feeding rate in the polychaete Cisknides (Pectinaria) gouhiii,” Marine Biology
71,33-40.

Wir-mell, M. H., and Jude, D. J. (1984). “Associations among Chironomidae and
sandy substrates in nearshore Lake Michigan,” Canadian ]ounud of Fishw”es and
Aquatic Sciences 41,17479.

Yates, M. G., Goss-Custard, J. D., Mcgrorty, S., Lakhani, K. H., Dit Durel, S. E. A.,
Clarke, R. T., Rispin, W. E., Moy, I., Yates, T., Plant, R. A., and Frost, A. J. (1993).
“Sediment characteristics, invertebrate densities and shorebird densities on the
inner banks of the wash,” Journal ofApplied Ecology 30,599-614.

10 T h i l EEDP 01 37


